In this study, ferric chloride (FeCl 3 ) flocculation was used as a pretreatment to ultrafiltration (UF) in treating synthetic wastewater containing synthetic organic matter of FeCl 3 dose was found to be necessary to avoid any significant flux decline and to obtain superior DOC removal.
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INTRODUCTION
Membrane processes such as ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) are successfully used in wastewater treatment, especially in water reuse applications.
One of the major drawbacks of membrane processes is the membrane fouling by organic contaminants (Lin et al., 1999) . Effective pretreatment is an efficient way of reducing membrane fouling.
Conventional sewage treatment includes primary treatment to remove the majority of suspended solids, secondary biological treatment to degrade the biodegradable dissolved organics and nitrogen, and tertiary to remove most of the remaining organic and inorganic 3 solids and pathogenic microorganisms. The presence of organic pollutant in water and wastewater has been the cause of public concern in past decades due to their potential health hazard (Wang et al., 2001; Imai et al., 2002) . Effluent organic matter (EfOM) in the biological treated wastewater consists of mixed particulates and soluble substance, which is combined with natural organic matter (NOM) from drinking water and soluble microbial product (SMP) from biological treatment. EfOM can thus be broadly classified into three different groups by their origins i.e. 1) refractory NOM derived from drinking water sources, 2) synthetic organic compounds (SOC) produced during domestic use and disinfection byproducts (DBPs) generated during disinfection processes of water and wastewater treatment and 3) SMP derived during biological processes of wastewater treatment (Drewes and Fox, 1999 ).
Many researchers found that flocculation is one of the most effective pretreatment methods to remove EfOM Shon et al., 2004; Kim et al., 2002) . observed that flocculation with FeCl 3 removed 77% of COD in wastewater. They also found that flocculation increased the permeate flux by 46.6%. Shon et al. (2004) showed that FeCl 3 flocculation removed 68% of organic matter (in terms of DOC) from the biologically treated wastewater. T he majority of organics removed were the ones with the large molecular weight (MW). AlMalack and Anderson (1996) determined the optimum coagulation conditions for wastewater. It was 200 mg L -1 FeCl 3 at a pH of 9. The COD removal with this optimum dose of FeCl 3 was 99.3%. According to the results of Aguiar et al. (1996) , the optimum dose of coagulant was 2.1  0.2 mg Fe per mg of total organic carbon (TOC).
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It may not be economical to use large doses of flocculants. Larger chemical doses will also lead to larger quantity of chemical sludge. Therefore, it is advisable to use as smaller dose of flocculent as possible to achieve significant organic removal that can lead to minimum membrane fouling in the post treatment of membrane filtration. Thus, in this study, the effect of flocculant dose was studied in terms of organic removal and membrane flux decline. The performance of flocculation as pretreatment and UF as post treatment was also studied for their ability to remove organic matter of different MW.
EXPERIMENTAL

Synthetic wastewater
This study was carried out with synthetic wastewater. The composition of the synthetic wastewater is presented in 
Molecular weight (MW) distribution
The synthetic wastewater after flocculation with different doses and after UF was subjected to MW distribution measurements. High pressure size exclusion chromatography (HPSEC, Shimadzu Corp., Japan) with a SEC column (Protein-pak 125, Waters Milford, USA) was used to determine the MW distributions of organic matter.
Standard polystyrene sulfonates (PSS: 210, 1800, 4600, 8000, and 18000 daltons) were used to calibrate the equipment. All samples were filtered through 0.45 µm membrane prior to the measurement. Details of the measurement methodology are given elsewhere (Her, 2002 and Cho, 1998) . The samples were stirred rapidly for 1 minute at 100 rpm, followed by 20 minutes of slow mixing at 30 rpm, and 30 minutes of settling. The supernatant then underwent UF.
Experimental set-up of partial flocculation and filtration
In this study, the cross flow ultrafiltration unit (Nitto Denko, Corp.) was used to study the organic removal from synthetic wastewater. The synthetic wastewater after undergoing flocculation was pumped to the membrane module (effective membrane area 0.006 m 2 ;
flat sheet configuration). The operating pressure and cross-flow velocity were controlled at 300 kPa and 0.5 m/s by means of by-pass and regulating valves. The Reynold's number and shear stress at the wall were 735.5 and 5.33 Pa, respectively. The membrane used in this study was NTR 7410 (Nitto Denko Corp., Japan) ( Table 2) .
RESULTS AND DISCUSSION
Removal of DOC by partial FeCl 3 flocculation
The removal of synthetic organic matter (SOM) from the wastewater by ferric chloride of additional DOC removal. Thus, the semi flocculation as pretreatment delegated the majority of organic removal to UF.
Flux decline of UF with pretreated wastewater
The flux decline of UF in treating synthetic wastewater was studied in terms of normalized permeate flux (J/J 0 ). It was studied both with and without the pretreatment of 
Molecular weight (MW) distribution
To understand the phenomenon of the flux decline, it is necessary to know the types of The results showed that a FeCl 3 dose of 50 mg L -1 was necessary to minimize the flux decline in the UF and to obtain higher DOC removal. 14 Table 1 Constituents of the synthetic wastewater Table 2 Characteristics of UF membrane used Table 3 Weight-averaged MW values of the effluent samples after pretreatment (weightaveraged MW of initial = 29759 daltons) Absorbance ( 
